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F o r P e e r R e v i e w O n l y 4 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 F o r P e e r R e v i e w O n l y 5 Keywords : nitrofurans, residues, LC-MS/MS analysis, proficiency, interlaboratory study, metabolites. laboratories involved in the monitoring of nitrofuran residues have to reach at least this limit. Within the EU, the control of nitrofurans in food from animal products started ten years ago. The testing for residues of the parent drugs was ineffective because nitrofuran compounds are rapidly metabolized. In vivo, they formed stable and persistent tissue-bound residues. A few years ago, the ability of EU NRLs to test for tissue-bound nitrofuran residues was poor. This is why a liquid chromatography tandem mass spectrometry (LC-MS/MS) method developed through the FoodBrand EU project (QLK1-CT1999-00142, available from www.afsni.ac.uk/foodbrand) was transferred and most of the laboratories involved in the veterinary drug residue control in EU implemented this LC-MS/MS method for screening and confirmation of nitrofuran residues in tissue.
This method focused on AOZ (3-amino-2-oxazolidinone), AMOZ (3-amino-5-morpholinomethyl-2-oxazolidinone), AHD (1-aminohydantoin) and SEM (semicarbazide) the marker residues of the nitrofuran banned parent drugs furazolidone, furaltadone, nitrofurantoin and nitrofurazone respectively. It is based on acid hydrolysis of protein-bound residues followed by the derivatization using nitrobenzaldehyde to lead to the nitrophenyl derivatives.
The literature describes few methods using LC-MS/MS for the analysis of The study was conducted according to the recommendations of ISO guide 43-1 (1997) . This paper reports the results of the first proficiency testing study for the determination of nitrofuran residues in shrimps.
Experimental

Sample material preparation.
Materials for the test were shrimps obtained from the French Border Inspection Services. 7 different batches of frozen raw shrimps were chosen as follows : 3 batches of shrimps where nitrofuran residues were found to be absent (i.e.
below the LOD of 0.1 to 0.2 µg/kg depending on the nitrofuran) were selected as blank matrix and 4 other batches of shrimps were nitrofuran residues were found to be present were selected as naturally contaminated matrices. Shrimps from a same batch were thawed, deshelled and only the tails of the shrimps were minced. Each material was homogenized in a mixing bowl, sampled into containers (10 g) and stored at -20°C until dispatching. Each container was randomly coded. One material (material 4) was sent blindly in duplicate samples. A total of eight frozen samples was shipped to each participant.
Homogeneity and stability studies.
Before sending the samples, it was necessary to test the materials for sufficient homogeneity. The sample homogeneity was determined for each contaminated material by analysing 10 randomly selected containers in duplicate and comparing the sampling variance to the analytical variance, according to the 'International Harmonised Protocol for Proficiency Testing of (Chemical) The results are given in table 1.
The analysis of variance proved that the materials were found to be homogeneous. The statistical F-test showed that the sampling variance doesn't differ from the analytical variance with 5% risk assessment (F-ratio < F critical) except for SEM in material 5. For this material, although the ratio of the sampling variance Ss / σ = 0.4 (where Ss is the sampling variance and σ is the target value for reference standard deviation derived from Horwitz equation) is higher than the recommended value 0.3, it was decided to use it for proficiency study, as the material was homogeneous for AOZ. [insert figures1 and 2 about here]
Results and discussion
The participants were asked to analyse the 8 samples for their possible content of nitrofuran metabolites using the method of their choice. Each sample had to be analysed in duplicate. Detected nitrofurans had to be quantified and 
Methods and analytical techniques.
All participants used LC/MS to analyse the samples but with different mass instruments : LC/MS single quadrupole (10 %), LC/(MS) n ion trap (25 %) and LC/MS-MS triple quadrupole (65%).
All methods used to detect total nitrofuran metabolite residues were based on the following principle : hydrolysis and derivatization with nitro-benzaldehyde during one night at 37°C, extraction of the nitrophenyl derivatives, evaporation and reconstitution of the sample before injection. Most of the participants took advantage of deuterated internal standards. The analytical characteristics of the methods are displayed in table 2. Not all the participants gave the analytical limits of their method. One can observe that, except for laboratory E, the limits of decision CCα comply with the MRPL of 1 µg/kg. However, the participants did not give informations on the way they calculated the limits. Depending on the participant, the given limit is either the limit of reporting, either the lowest level of validation or either the limit of detection.
Assigned values.
The assigned values of the materials were determined as a consensus value of the results of all participants (except one laboratory for its extra-deadline sending of results). They were calculated as the robust average of the results, as it is described in the Annex C of ISO/DIS 13528 (2000) . The robust estimates of x* and s* are derived by an iterative calculation, updating the values of x* and s* several times, until the process converges. This calculation provides robust values of the average and standard deviation of the data to which it is applied with no need to discard any of the data. The results are given in Table 3 .
[insert 
Qualitative analysis
Participants analysed the samples for the presence of the 4 metabolites : AHD, AOZ, AMOZ and SEM. One participant analysed only for AOZ. Table 5 shows laboratory qualitative results. For a blank sample, the expected result is -(compliant) and for a contaminated sample, the expected result is + (non compliant).
Over the 20 participants, only two laboratories (T and Q) found false positive results. They confirmed the presence of AMOZ and AOZ in materials 1, 2 or 3 with LOD of 0.5 µg/kg for laboratory T and 1 µg/kg for laboratory Q. The LOD of the others participants are nearly all inferior. For the blank samples, the rate of false positive is 6.7 %. For the contaminated sample, the determination of an analyte which is actually not present counted also as a false positive result. It is the case both for material 6 and material 4 for which laboratory T and laboratory Q respectively, confirmed AMOZ instead of AOZ. Considering these samples, the rate of false positive is 3.7 %. Usually, the false positive result can often be explained by cross-contamination between samples. Among the 8 samples sended, one sample (material 5) was highly contaminated with AOZ (~ 30 µg/kg)and might lead to cross-contamination. For laboratory T finding three AMOZ contaminated samples and for laboratory Q finding one AMOZ contaminated sample, no explanation is proposed.
Taking into account that, when SEM and AOZ were both present in a material, only one of them had to be detected to declare the sample as no-compliant, it is assumed that the rate of false negative is approximately 9 %. Laboratory E found 3 false negative results. Obviously the 3 samples with contaminated level around 1 µg/kg were not confirmed because of the inadequate limit of its method (CCα = 3.8 µg/kg). Laboratories T, X and Q gave also false negative results.
[insert The statistical approach used for the analysis of the results was based on the zscore [ISO, 1997] .
The accuracy z-score was given by : Za = (x -X )/ σ where Z a is the "accuracy z-score", x is the laboratory result (mean of the duplicate analyses), X is the assigned value and σ is the target value for standard deviation. The target value for standard deviation σ was determined according to the equation proposed by M. Thompson (2000) . :
. ( ≡ 120 ppb) where c is the concentration..
As each laboratory analysed every material in duplicate, repeatability z-score was also calculated as : Zr = SD / σ r where Zr is the "repeatability z-score", SD is the standard deviation of the 2 results and σ r is the target value for standard deviation determined as follows : σ r = 2 /3 σ ** ** When the analyses are carried out under repeatability conditions, the The z-scores give a numerical approach of the performance of a laboratory in a proficiency test. It allows a classification as follows :
The z-score values have not been calculated for AOZ content in material 5 and 6 because the high values of AOZ (32.1 and 7.9 µg/kg respectively) reported by the participants came for most of them from extrapolation of a too short calibration range, usually centred around the MRPL level concentration of 1 µg/kg. Even if it would be expected that a calibration curve should be made in a range which covers all the samples analysed, many participants focused on the accuracy at the MRPL level. Extra high concentration has not practical importance from the point of the possible legal action. The accuracy of the quantification beyond 2 MRPL is of lesser importance in the case of banned substances. For that, the z-scores were only calculated for SEM content of these materials 5 and 6 and for AOZ content of material 4 and 7. Table 5 displays an overview of the z-scores. Histograms presenting the data for accuracy z-scores are given in figures 3-6.
[insert table 5 -the rate of laboratories producing a satisfactory accuracy z-score for total AOZ content around the MRPL (between 0.9 and 1.2 µg/kg) is around 70 to 87 %.
-the rate of laboratories producing a satisfactory accuracy z-score for total SEM content around the MRPL (between 1.3 and 1.4 µg/kg) is around 64 to 69 %.
Even if all false positive or false negative results have come from laboratories (T, Q and X) using ion trap MS instrumentation, it is not possible to see a relationship between the type of MS used and the quality of the results. The number of participants using ion trap MS is too small to allow to give a 
Conclusions
For the control of banned substances, the rate of false positive / false negative results is of primary importance for official residue control. However, it should be stressed that decision limits CCα reported by the participants varied from 0.1 to 1 µg/kg except for one participant (for which CCα is 3.8 µg/kg for AOZ using LC/MS single quadrupole). They are in accordance with the MRPL.
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